Abstract. This paper examines the importance of health literacy to the design and use of mobile digital health information technology (mHealth) applications. Over the past two decades mHealth has evolved to become a major health communication channel for delivering health care, promoting health, and tracking health behaviors. Yet, there are serious communication challenges that must be addressed concerning the best way to design and utilize mHealth application to achieve key health promotion goals, including assuring the appropriateness and effectiveness of mHealth messaging for audiences with different communication competencies, styles, and health literacy levels, to ensure that mHealth applications are truly effective tools for health promotion.
Introduction
The use of mHealth (mobile digital information technologies designed to deliver care, track health behaviors, and promote health) has evolved over the past two decades to become a major channel for health promotion [17, 50] . This increasingly popular use of mHealth channels for communication has mirrored the phenomenal international growth in public adoption of mobile phone technologies, especially the use of smart phones that enable Internet access [50] . Implementation of mHealth applications has shown tremendous promise as an important evolving communication medium for supplementing and extending the use of more traditional channels for health communication, such as in-person clinical interpersonal interactions with health care providers (and other sources of health information), use of print health education materials (such as books, articles, pamphlets, and posters), public presentations (such as school and conference lectures), and access to entertainment media programs via radio, television, and film [29] .
A number of different emerging and interrelated mobile communication systems have been adopted and adapted for delivering mHealth, including the increasing use of:
• audio and video enabled telemedicine applications, such as closed circuit telephone and/or televised conferencing systems, with both data collection tools (often collecting images, or measuring body temperature, heart rate, and brain activity for diagnostic and monitoring purposes) and delivery tools (that can remotely control surgical equipment, and provide treatment instructions) can be set up in different sites to provide mediated (virtual) care to patients who may not have easy access to health care delivery systems [52] ; • telephonic and internet-based message systems that can provide individuals with health information via SMS text messages, phone calls, or e-mail via mobile phones [15] ; • websites and web-based portals (intranets) that are available to health care consumers via portable lap-top computers, tablets, and smart phones; • wearable (sometimes implantable) devices such as fitness tracking wristbands and other digital monitoring devices [3] ; • specialized application software programs (apps) that are typically downloaded on to smart phones, tablets, or laptop computers that provide health information and support, and are often linked to Internet delivered resources and services [10] .
The added value provided by mhealth applications for health promotion is the ability to use these media to provide key audiences (health care consumers and providers) with relevant health information and support that they need exactly at the points in time when they need it and right where they need it to enhance timely and on-the-spot informed health decision making [29] . As a result, there is growing enthusiasm for using mHealth applications within health care and health promotion communities with a range of different audiences, both domestically and internationally [10, 50] .
Yet, there are serious communication challenges that must be addressed concerning the best uses of mHealth for health promotion, including assuring the appropriateness and effectiveness of mHealth messaging for audiences with different communication competencies, styles, and health literacy levels, to ensure that mHealth applications are truly effective tools for health promotion [7, 19] . It is not merely the use of mobile communication channels that can make these applications effective, it is also the ability to match the messages conveyed via these mobile media to the specific health communication needs, orientations, and competencies of intended audience members [49] . For example, practitioners of mHealth must strategically develop and refine health messaging to match the health literacy levels of key audiences [25, 35] . This paper examines the tremendous potential of mHealth applications for providing relevant health information to diverse populations of health care providers and consumers and for enhancing health decision making. The article also illustrates how mHealth applications can be designed to deliver appropriate and effective messages that meet the unique communication competencies, styles, and health literacy levels of different key audiences to become effective health communication channels.
The promise of mHealth
There have been a number of unique and important contributions made to the delivery of care and the promotion of health with the use of mHealth applications as supplements to traditional channels of health communication [49] . For example, mHealth applications have been shown to increase the timeliness of health care delivery and the ability to provide relevant health information to key audiences wherever they may be via their mobile phones that they carry with them [26] . Health care providers like mobile health applications and have been early adopters and users of mhealth systems to gather health information and to communicate with their colleagues and clients [37] . mHealth systems have been successfully used to address a wide variety of serious health conditions, including heart health promotion [12] , infectious disease control [21] , respiratory health [46] , maternal and child health [6, 48] .
There has also been a great deal of evidence that mHealth has been used effectively to promote consumers' adoption of healthy behaviors and reduction of unhealthy behaviors [11] , including the following behavioral health issues: consumer adherence with treatment recommendations and prescribed medications [14, 18] , reducing risky sex behaviors and adopting safer sex strategies [23, 41] , increasing physical activity and exercise [9, 30] , maintaining healthy diets [22, 47] , tobacco control [1, 53] drug and alcohol abuse reduction [20, 39, 44] , and promoting screening behaviors for early detection of serious health problems [13, 18, 33] . Furthermore, evidence suggests that mHealth applications have the potential to improve health care delivery performance and retention of community health workers [24] .
Rapid and widespread adoption of mobile communication technologies, such as the smart phones, tablets, and wearable devices have been shown to provide health communicators with powerful new channels for disseminating health information [10, 52] . Mobile communication tools have become increasingly well-liked, adopted, and frequently used channels for communication by diverse audiences, including by members of at-risk populations who often suffer from health inequities and poor access to health information [16] . mHealth application provide great opportunities to reach key audiences with health information right at the point when they are making important health decisions, providing these audiences with relevant health information exactly when they need it and where they need it [26] . Advances in mHealth technologies are making these communication tools increasingly easy to use, enable them to disseminate a variety of different message formats (text, oral, graphic, video, etc), and enable interactivity (feedback between health communicators) [10] . mHealth technologies can be integrated with other digital health tools, such as exercise trackers, telehealth monitors, and electronic health records, to provide users with rich sources of health information. Tailored information systems and the use of artificial intelligence can be used with mHealth tools to provide relevant, interactive, adaptive, and sensitive health messages to users [31] .
Challenges to using mHealth technologies effectively
There are serious communication challenges that must be addressed before mHealth technologies can reach their potential as effective tools for health promotion. These challenges include designing appropriate and effective mHealth messaging for use with audiences who possess different communication competencies, styles and health literacy levels [29, 34, 36] . While sophisticated and often elegant new technological media receive the bulk of attention in mHealth, the effects of these media on health promotion are highly dependent on the quality of messages that are exchanged via these advanced media.
Health literacy refers to the ability of participants within the health care system to accurately interpret and utilize relevant health information and resources to achieve their health goals [5] . Evidence suggests that many consumers possess limited levels of health literacy to adequately understand health information, especially when they are feeling ill, since health literacy is both a trait (limited education, language facility, etc.), and a state condition (based on how their current physical and mental states influence their abilities to communicate effectively) [5] . Therefore, it is incumbent upon mHealth developers to design and utilize message systems that will be easy for consumers with health literacy challenges to understand [40] .
Due to the limited channel capacity on many mHealth technologies, such as the limited number of characters that can be used for SMS texting or tweeting, care must be taken to strategically design health messages that will convey full, accurate, timely health information, as well as resonate with and make sense to diverse audiences [31] . In many cases this will mean targeting, or even tailoring, health messages for specific users so the messages include appropriate language, provide meaningful examples, and suggest health options that the users can implement.
Whenever possible, it is preferable to build in feedback loops into mHealth systems, so users can pose questions and receive clarifications [31] . If possible, mHealth systems should be designed to incorporate visual, animated, and narrative messages to enhance understanding, especially for users with low health literacy and numeracy skills [31] . Narrative descriptions of health topics that imbed health information within rich, dramatic, and engaging stories has been found to be a particularly robust communication strategy for communicating health information to users with low levels of health literacy.
In addition, Weinstein et al., 2014 [52] , describe three major bureaucratic challenges that challenge the widespread adoption and effective use of telemedicine and mHealth applications:
• The need for clear and standardized reimbursement strategies and business models to make it less challenging to fund the development, implementation, and maintenance of mHealth interventions; • The need to establish interstate medical licensure for implementing domestic mHealth applications that cross state lines, as well as international licensing for applications that cross national boundaries; • The need for hospital credentialing to implement mHealth applications as standardized tools within modern health care delivery systems.
Evaluating mHealth applications
Message design processes for mHealth technologies should begin with careful audience analysis of potential system users, identifying key communication factors, including language use, health literacy levels, communication channel utilization patterns, familiarity with mHealth technologies, interest levels in different health topics, relevant health beliefs, and attitudes [19, 42] . The Centers for Disease Control and Prevention (CDC) recently introduced an excellent tool for evaluating the health literacy levels of health promotion materials, the CDC's Clear Communication Index, that can be easily applied to the evaluation of mHealth messaging [2] . Similarly, Stoyanov and colleagues [51] recently introduced and tested the Mobile App Rating Scale (MARS), demonstrating that is a simple, objective, and reliable measuring instrument for designing effective mHealth applications.
With key background information from evaluation research mHealth developers can guide the design of appropriate, understandable, relevant, and compelling health messages to deliver via mHealth devices [4] . Message testing with targeted audiences can also provide relevant information about how well potential mHealth users can understand and accept health messages [36] . Additionally, usability testing of mHealth technologies and information programs can provide relevant information for refining mHealth systems [38] .
In addition, it is important to assess the economic viability of mHealth applications to ensure that these health promotion tools are cost-effective for different users and in different settings [8, 45] . Cost and benefit analyses can provide information needed to demonstrate the value of mHealth applications, support decision making about adoption and institutionalization of these applications, and also provide direction for developing business models for supporting the introduction and continued use of these new health promotion systems [28, 45] . Bergmo provides cogent advice about conducting relevant economic analyses of ehealth systems that can be effectively applied to assessing the costs and benefits of mHealth applications [8] .
Conclusion
Mounting evidence clearly illustrates that mHealth applications have tremendous potential for supplementing traditional channels of health communication as an important evolving communication medium for promoting health [16, 17, 50, 52, 54] . The ability of mHealth systems to provide individuals with the relevant health information they need when they need it and where they need it has great potential for enhancing health decision making. Yet, there are serious communication challenges that must be addressed, including the appropriateness and effectiveness of mHealth messaging for audiences with different communication competencies, styles and health literacy levels, before mHealth can become an effective tool for health promotion [29] . This article provides recommendations for the development and use of mHealth technologies to meet the unique health communication needs of diverse users for enhancing health decision making and improving health outcomes.
A critical factor in the whether mhealth applications will reach their potential to make significant contributions to the promotion of public health depends on the ability of these systems to communicate effectively with different audiences, who have different health information needs and unique communication orientations and capacities [27, 31] . There are a broad range of different potential users for mhealth systems who will want these systems to communicate effectively with them, providing them with the specific information they need and using language and examples that they can relate to [3, 27] . For example, research shows that mHealth systems have been designed for older and younger health care consumers, users with different education levels, people with different sexual orientations, people with drug and alcohol addictions, people from different minority and ethnic groups, people from different countries, including those who speak different languages, all of whom are likely to have different communication preferences and skills [14, [20] [21] [22] [23] 30, 44, 48] . It will be important for mHealth system designers to conduct audience analysis research to evaluate the literacy levels of different mHealth users to determine the best ways to communicate effectively with these groups [2, 3] .
Adapting to the health literacy levels of different mHealth users is one of the most critical communication factors that will influence the effectiveness of mHealth in effectively reaching and influencing system users [2, 5, 34, 36] . Adapting to differing levels of health literacy means that the messaging used in mHealth systems will need to be designed specifically for different groups of users, assuring the utilization of appropriate language, examples, and visuals that are meaningful for these groups of users. The most current mHealth systems are now being designed to interactively assess the communication competencies, needs, expectations, and literacy levels of different system users. These modern mHealth systems are programmed with smart, adaptive, interactive learning systems that utilize artificial intelligence to learn about and adjust messages to individual users [32, 43] . As these smart mHealth systems interact with users they learn through analysis of user comments and responses to system messages how to best adapt future system messages for these users, enabling the use of relationally sensitive and appropriate communication that can enhance communicative understanding, relevance, and immediacy for users of mHealth systems [32] .
